bibliography and a very useful and complete glossary of terms at the end of the book. Each chapter ends with a set of varied, imaginative and thoughtprovoking questions and problems which provide a valuable opportunity for the reader to test his comprehension of the genetic principles introduced. It is a pity that the final problem in the book is a crossword puzzle with 144 rather trivial clues, few of which have any bearing on genetics. Coming at the end of 391 pages of genetics including 426 other questions and problems, I suspect that the crossword puzzle will appeal to only the most intellectually masochistic reader. Herskowitz's approach is, in general, factual rather than deductive and this is possibly the book's major weakness. Nevertheless the book does provide a clearly written, accurate and up-todate account of most aspects of genetics. As well as being a suitable companion textbook for university students taking introductory courses in genetics it should be extremely useful to more advanced students wishing to revise and update previously acquired knowledge.
DrVanderplank's ideas on host-pathogen relations in crop plants have been developed in four books. In this, the fourth, he develops further his genetical ideas on the interactions, and introduces a theory of the biochemical mechanisms involved. Although as stimulating and controversial as ever, this is perhaps the least satisfactory of the books because some of the author's basic ideas are here pushed to an extreme.
For example, Dr Vanderplank's thesis depends on his valuable earlier concept, that there are two distinct types of interaction, vertical and horizontal. Vertical resistance (VR) in the host is resistance which is effective against some pathogen races, but not against others; virulence, or vertical pathogenicity, is the converse in the pathogen. In other words, VR is characterised by differential interactions between host and pathogen races. Horizontal resistance (HR) is resistance which is manifested in the same way against all pathogen races; aggressiveness, or horizontal pathogenicity, is the converse in the pathogen. There may be different levels of HR in host varieties, or of aggressiveness in pathogen races, but there are no differential interactions. Dr Vanderplank's concept is clear, but it is theoretical; translating it into practical reality leads to a problem of logic.
Experimentally, it is relatively easy to demonstrate the occurrence of verticality or the absence of horizontality in an interaction, using particular host varieties and pathogen races. It is impossible to demonstrate the absence of verticality or the presence of horizontality. To do so would necessitate testing the host varieties in question with all conceivable pathogen genotypes, or vice versa, to be certain that the next genotype did not cause a differential interaction. It is possible only to demonstrate apparent horizontality for the range of host varieties, pathogen races and environmental conditions used. Even in the largest tests of all, that confirm a host resistance as being durable (Johnson, 1979 ) through exposure to a particular pathogen over many years on an agricultural scale, it can only be suggested that HR maybe involved; its extent and nature cannot be defined. The problem, therefore, is that although HR, and aggressiveness, may be real and important, it is not possible, logically, to ascribe any manifestation or mechanism of resistance to this form, or to limit the range of mechanisms that could govern yR.
In trying to distinguish, experimentally, between VR and HR, Dr
Vanderplank makes an important point in relation to the limitations of the so-called quadratic check. If one host is defined as susceptible to two different pathogen isolates, but a second is resistant to one of the isolates and susceptible to the other, then this is insufficient evidence for a differential interaction. It may be so, but it is also possible that the second host has a degree of HR which a pathogen isolate with less aggressiveness is unable to overcome. To be certain that the resistance is vertical, it is necessary to find a pathogen isolate which also attacks the second host, but not the first. This problem is investigated further by Scott et al. (1980) . Having made this useful point, the author unfortunately decides that two such examples are of VR, when they could equally be of HR (bacterial blight of cotton, and
Pseudomonas mors-prunorum on sweet cherry), and that a further example is of HR, when it could also be of VR (yellow rust of wheat).
The author advances his concept of VR by proposing that it may be qualitative or quantitative, and that it may thus reduce infection rate as well as delay the onset of an epidemic. Unfortunately, the terminology used is confusing and raises a problem of logic analogous to that concerning the distinction between VR and HR. We are asked to accept that "yR with host-pathogen specificity" (qualitative VR) applies only to those instances where one form of the pathogen is totally unable to attack a particular host, whilst another is able to do so, however limited the degree of attack may be.
"yR without host-pathogen specificity" (quantitative VR) is applied to those instances where one form of the pathogen is able to attack the host, but another is able to do so to a greater extent. In practice it is relatively easy to be sure that we are observing an example of "yR without host-pathogen specificity", but impossible to be certain that we have an example of "yR with host-pathogen specificity". Some change in inoculum load, environmental conditions, or detection level of infection, may lead to reclassification of the latter form, and we cannot test all the possibilities. Particular characteristics cannot therefore be ascribed to "yR with hostpathogen specificity", and we cannot limit the range of characteristics of "yR without host-pathogen specificity". No doubt there are different mechanisms of VR, but is this the best way to differentiate them? Given the definitions of VR with and without host-pathogen specificity, Dr Vanderplank then follows their epidemiological consequences. Any sample of the pathogen isolated from a variety exhibiting "yR with hostpathogen specificity" must, by his definition, be a sample of an "own" race since it must possess a virulence gene(s) matching the host resistance. A pathogen sample isolated from a host with "yR without host-pathogen specificity" may not be an "own" race since it may not possess the appropriate matching virulence gene(s). Indeed, in the latter case, the author suggests, the more mobile the inoculum and the faster the rate of pathogen increase, the less will be the likelihood of sampling an "own" race from the variety. The argument leading to this erroneous conclusion starts correctly in assuming that, say, a cereal crop in the field, exposed to rust, would initially receive uredospores of different genotypes from many sources. This implies that the crop is more likely to be infected by a matching genotype of this highly mobile pathogen than of a much less mobile soil-borne pathogen. As the epidemic develops within the crop, the most adapted genotypes will increase faster than any other (Wolfe and Schwarzbach, 1978) , thus increasing (not decreasing, as the author states) the chance that they will become proportionately more common and therefore more likely to be sampled. This effect will also be greater for a rapidly increasing rust than for a slowly increasing soil-borne pathogen, which is the reverse of the implication made. Following this argument, various observations described for potato blight can be easily reconciled. Paxman (1963) was unable in the laboratory to train isolates of Phytophthora infestans to grow better on one potato variety than on another. From the field, however, Jeffrey eta!. (1962) , Jinks and Grindle (1963) and Caten (1974) were able to demonstrate such adaptation by taking samples that had already undergone selection from an initially heterogeneous population. In the same way, Habgood (1976) working with Rhynchosporium secalis on barley, found that it was not possible to "train" the pathogen in the laboratory towards particular varieties, but that such isolates could easily be found in the field, following selection. Dr Vanderplank goes on to suggest, from not very detailed field observations over a number of years, that certain Dutch varieties that did not possess any of the R genes from Solanuin demissum for resistance to blight, did possess HR. Whilst this may be true, it may be more valid to interpret the observations in the light of the facts provided by the Birmingham group by suggesting that the Dutch varieties may well have selected their "own" races, but that under the environmental conditions of the trials, and with the methods of observation used, the effects of such selection could not be detected.
Later in his book, Dr Vanderplank makes several important points about HR, for example, that it is not necessarily either quantitative, or under polygenic control. One might also add that it may have the effect of modifying the level of initial infection in an epidemic as well as the subsequent rate of disease increase. He also points out that HR is not "general resistance", indeed it is often species-specific. In this context, however, further confusion arises in that "specific" is used without qualification; it is implied that we should simultaneously understand both its general and its botanical meaning. This usage js inconsistent with the earlier application of specificity to yR. Surely it would have been far less muddling to state that both VR and HR may be species-specific, but that only the former can be (physiologic) race specific.
Dr Vanderplank points out that, in the absence of disease, genes for susceptibility in the host may have some other function which has a selective advantage, (or indeed, disadvantage) which is irrelevant to the pathogen. By the same token, an "unnecessary" virulence gene, i.e. one for which the matching host resistance gene is absent, may also have some other function, advantageous or disadvantageous, but irrelevant to the absent host gene. This point is missed, however, and, instead, we are presented with the "second gene-for-gene hypothesis" first introduced in a previous book (Vanderplank, 1975) . The idea is that a host resistance gene can be described as either "strong" or "weak", the quality of strength being determined by the rate at which the matching virulence gene declines in the population when the resistance gene is no longer used. A "strong" resistance gene is one that selects a matching virulence gene which carries a considerable cost for pathogen fitness; removal of the host gene thus results in rapid selection against the now "unnecessary" virulence gene. Here again it is difficult to obtain direct evidence. Observation of rapid or slow decline in frequency of an "unnecessary" virulence gene cannot be taken as evidence for "strength" of the original, but now absent, selective agent. The observed change is an interaction of the particular virulence gene selected, past history, and the changing environment; we cannot expect the rate of decline to be the same in all envil:onments.
The author gives examples of the use of compound probability for deriving expected values for pathogen races with particular combinations of virulence genes; this is particularly helpful for simplifying earlier methods of analysing physiologic race frequencies (Vanderplank, 1975; Wolfe and Schwarzbach, 1975) . Unfortunately, the values given may be incorrect since they were derived from data pooled from different populations. The
Canadian data on wheat stem rust were mainly obtained from samples in experimental plots and populations of wild barley scattered over a vast area, which suggests that errors involved in determining the gene frequencies may have been large, and that compounding an unknown number of subpopulations would lead to errors of estimation of the compound probabilities. Certainly, deviations from expected frequency of virulence combinations do occur, and the author is right to point out that this area should receive more investigation.
Turning to the molecular basis of pathogenesis, Dr Vanderplank proposes that in VR, host susceptibility to a particular pathogen race is a specific reaction involving co-polymerisation of host and pathogen protein in such a way that the pathogen is able to use the copolymer as a nitrogen feedstock.
If the pathogen is unable to effect co-polymerisation, the result is host resistance. Horizontal interactions, which are largely quantitative, are the result of degrees of catalysis of the reactions. The idea is neat and attractive, but it seems unnecessary to argue that it is the only system that operates in host-pathogen relations. The argument is based on various kinds of evidence from protein chemistry and the plant pathological literature. For example, it is pointed out that proteins are the most likely vehicles for host-pathogen specificity because they are the only molecules that could carry the large store of variation required to allow many thousands of distinct host-pathogen interactions. This is a misconception: two alleles at each of ten loci would provide a large enough store of chemical variation to allow 210 = 1024 different host-pathogen combinations. With multiple alleles, the same range of variation could be generated by only five loci in host and pathogen, if there were four allelomorphs at each locus (45) The amount of storage required therefore does not necessarily limit specificity to protein-protein interactions, though they may well be important. It seems quite likely, as others have pointed out before, that some form of protein-protein relationship may well provide a general basis for recognition phenomena in host-pathogen specificity. However, from the ad hoc nature of evolution, it seems unlikely that only one mechanism of protein interaction will be found to be universal, or indeed, that it will necessarily always be proteins that are involved.
There are many more points in the book that are provoking and controversial, which is one of the great strengths of Dr Vanderplank's unique contributions to plant pathological literature. One is bound to admire the skill, clarity and scholarship of the author in attempting to fuse together large areas of a dispersing science into a coherent and consistent framework. In so doing, he has forced all plant pathologists, whether they agree or disagree with that framework, to think more clearly and to marshal their arguments more logically. He has also provided a comprehensive entry into an economically important subject through which, it is hoped, many geneticists will begin to find their way.
